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Abstract. The Computer Numerical Control (CNC) machines works on the technology that uses 
minicomputers to generate, parse and execute the sequential control. These machines were 
introduced in 1970’s, this technology replaces the Numerical Control (NC) with the computers. The 
controller is the main part of the CNC machine that is composed of two parts: software and 
hardware. The software part of the controller is commonly known as interpreter that translates the 
International Standards Organization (ISO) data interface model instructions to the hardware part of 
the controller. Todays commercial CNC systems are operated by ISO 6983 data interface model that 
is proved to be a low level language and beside that these CNC systems are found to be closed in 
nature due to the dependency on vendors specification. Due to these shortcomings the current 
systems are fail to achieve the targets of future CNC system. In order to overcome these problems 
and limitations the new data interface model and Open Architecture Control (OAC) technology 
were introduceds. In this paper a new translator for the interpretation of ISO 14649-21 for OAC 
CNC systems has been presented.  This module interprets the data from STEP-NC code and 
translates as per required structure of CNC machine. Developed module also enables the on 
machine modification facilities and provides a platform to generate physical output file in .txt and 
.xml formats as per user defined structure. The development of these kind of systems will makes 
CNC system more open, flexible, adoptable, interoperable, and intelligent.    
Introduction 
The CNC machines are operated by 50 years old language ISO 6983 commonly known as G-code, 
this standard is a well-accepted worldwide. This data interface is a low-level language mainly 
specifying the cutter motion in term of position and feed rate, due to the low level information this 
standard is not able to fulfill the requirements of the modern manufacturing environment. There are 
a number of problems was found for this data interface model such as: delivering limited 
information to CNC, transferring one-way information from Computer Aided Design 
(CAD)/Computer Aided Manufacturing (CAM) to CNC, unable to implement the seamless 
integration of the CAD-CAM-CNC,  programs are huge very difficult to handle, last minute changes 
are very hard at shop floor, etc [1].  In order to enable more facilities in G code different 
manufacturers had added the supplement commands due to these additions, part programs cause 
interchangeability problems between different machines. These additional commands makes the G 
code more machine specific and these additions are not the part of ISO 6983. In other words the 
development of various CAD/ Computer Aided Process Planning (CAPP)/ CAM/ CNC systems in 
the Computer Aided Systems (CAx) process chain created a requirement for the new data exchange 
standard for the enabling of data integration between different vendor’s systems. 
 In order to overcome interoperability issues a Standard for The Exchange of Product Data 
(STEP) was introduced in 1990’s [2, 3]. The objective of STEP is to provide a means of describing 
product data throughout the life cycle of the product that is independent from any particular 
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computer system. The initial release of STEP was published in the 1994’s by ISO, in which part 1, 
11, 21, 31, 42, 43, 44, 46, 101, Application Protocols (AP) 201 and AP 203 were introduced [4]. 
Later in the 2002’s AP 202, AP 209, AP 214 etc were published by ISO, these APs had enabled the 
more skills in the STEP for different industries. With the development of various STEP parts and 
APs there were some problems emerged with these large data structures, these problems were 
rectified with the introduction STEP modular architecture [5, 6]. Currently AP 242 is being 
developed, which is based on geometric dimensions and tolerances in combination with STEP AP 
203 and 214 [7].  
STEP had resolved the problems of interoperability between CAD systems but at the mean time 
it has created the requirement of new standard for the exchange of data between CAM and CNC 
systems. Based on that requirement new standard was introduced in the 1999’s known as STEP-NC 
(ISO 14649) [8]. The aim of STEP-NC standard is to use existing data models of STEP with NC 
system for the enabling of smooth and seamless exchange of the information between CAD,CAM 
and NC programming [9]. The concept of STEP-NC is based on “Design anywhere, build anywhere 
and support anywhere”[10]. While the integration of STEP with CNC a major problem of CNC 
machine vendors specifications dependence was faced, according to [11] “most of  the  today’s 
CNC machine  tool systems are being equipped with CNC controller supplied by controller vendors 
as a “black box” and this makes it difficult for  the  machine  tool  builder  to  quickly  develop  and  
implement  the  new/custom  control functions”. In order to overcome the shortcomings of vendor’s 
dependency, an OAC technology based machine controllers need to be developed. [12] States that 
“personal computer has been one of the preferred hardware platform for open CNC system because 
of its good openness and high performance price ratio”. With the development of manufacturing 
world, [13] highlights that the current trend of CNC machines is towards the development of PC 
based Soft-CNC systems. OAC is a concept derived from the flexibility requirement based on 
computer integrated technology. Some hardware reconfiguration and communication, as well as 
advanced NC programming technology are involved in the new generation development of the CNC 
system [14].  
In the race towards the development of STEP-Compliant systems various technologies are need 
to be researched. Overall for the development of STEP-Compliant system many areas are need to be 
focused, in this study software module of CNC controller commonly known as interpreter has been 
highlighted. The function of interpreter is to translate the ISO data interface model instruction to the 
CNC machine as per required structure. 
Internal Structure of Translator 
Developed software module is specially designed for open architecture control CNC systems. It is 
programmed in National Instrument (NI) labVIEW with some special functions. The function of 
developed module is to translate ISO 14649 code commands as per internal structure of open CNC 
machine. It interpreters the acceleration, deceleration, spindle speed, federate, tool, tolerance etc 
data from ISO 14649 code, so that machine can be moved throughout linear or circular interpolation 
and perform operations. The labVIEW platform was chosen because it is a graphical language easy 
to use as compare to text coding platforms. As ISO 14649 data model contains a rich information, 
labVIEW can be very useful platform to provide all in one platform for CNC by utilizing that rich 
information. The major advantage of labVIEW is that; it  can provide access for monitoring, 
inspection, database, internet connectivity etc functions at on platform and also it is able to 
communicate with third party software’s like MS office, C, C++, C#, Java, Mat lab, Visual Studio 
etc. The architecture of developed software system is composed of three modules: input data, data 
extraction and output data, each module contains various functional blocks as shown in Figure 1. 
Input Data Module. This module is composed of input path control, read input data and line 
indexing functions, the functionality initiate by the generation of path control to get input source 
code. After getting source code path, the next step of read file function, this function reads the 
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complete content of input source. Then At the end of this phase a choose line function is developed. 
The role of this function is to guide the interpreter about the starting point of code reading. The 
enabling of this function makes the interpreter able to read code from any line of input file. 
Data Extraction Module. This module is the combination of both lexical scan and syntax analysis, 
both of these functions are divided into various sub-functions: search data, match data, extract 
data, tokens, store and combines data functions. The functionality of this module begins with the 
searching for data inside input ISO 14649 part 21 file. This function searches for entity numbers (i-
e; #2, #4) inside input file. Then all the founded values goes to the match data function, which 
extracts the entire data of searched entity numbers from input file. After that the matched data goes 
to the extract data function that mines the data as per process type i-e; extract names, values, entity 
numbers etc. The data extraction functions have different sub-modules for different machining 
process, because in STEP-NC standard there are different arrangement of data placement for 
different process. In Later the token function is executed, which breaks all the extracted data into 
string tokens and pass to store data function that stores all the data inside its memory. Then at the 
end of this module the function of data combining is taken place that combines all the extracted 
tokens data into a single code and pass to the output data module.  
Output Data Module. This module is the last phase of developed software system, it integrates the 
data extraction module output to the hardware parts of CNC machine controller. This module is 
composed of pass data and save data functions. Output data module plays a key role to pass the 
data to the machine controller hardware module in a correct way i-e; axis values goes to the 
respective X,Y and Z axis servo/stepper motors, tool values goes to the tool changer etc. At the 
same time this module is also able to generate output file in .txt and .xml in user defined file 
structure. These output generated file can be used in any type of Personal Computer (PC) based 
open architecture CNC machine systems.  
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Internal Structure of Translation Module 
Graphical User Interface of Translator 
The Graphical User Interface (GUI) of developed system is composed of four sections; main, shop 
floor editor, details and settings. Main page contains input path control function from where system 
takes input file, it also shows the complete contents of input file with headers data, project name 
data, work piece data, cutting tool data and machining process data. The main screen shows all the 
data of header, project name, work piece, cutting tool and machining processes in different sections, 
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so that user can easily understand the content of input code. Shop floor editor provides the access to 
do modifications in code while machining or offline, it enables to do modifications on work piece 
locations, setup locations, depth of cut, spindle speed, federate, processes depth, tolerances etc. The 
details tab of developed system provides the detailed information of setup, work piece, processes, 
tolerances, locations, depths etc in different sections. This tab shows all the data with entity 
numbers, entity names, values etc. The last tab is of settings that provides access to the input and 
out setting of the file, for input setting it has line indexing function whereas for output setting it has 
pass data to CNC machine and generates output functions. Figure 2 shows the snap shots of the 
developed system GUI. 
Figure2. GUI of Translation Module 
Conclusion 
In this paper an interpretation module was developed for PC based open architecture  CNC  control  
systems,  this  module  is  able  to interpret  ISO  14649  part  21 data  interface model  code  as  per  
required  structure  of  the CNC machine.  The module is composed of the three sub modules: input 
data, data extraction and output data. These modules works on the basic of the various functional 
blocks such as input data, read data, line index, search data, match data, extract data etc. The 
developed module interpreters the ISO 14649 – 21 code as per required structure of CNC machine 
and also provides editing facilities while working or offline. This system is of open nature  it  
welcomes  contributions  from  different  sources  (VB, C++,C#,  JAVA, MatLab, SolidWorks  etc)  
to  communicate. The developed module is also able to generate physical file output in .txt and .xml 
formats as per user defined structure. This module can make life easy for the users, it extracts the 
complete data from high level code and shows in the easy way on GUI. It shows all the extracted 
data of setup, work piece, co-ordinates, locations, depth, tool, tolerance etc into separate portions to 
provide easy understanding to user about the content of input file and also provides an options for 
easy data modification as per requirements. A similar approach has been also adopted for the 
interpretation of ISO 6983 data interface model [15]. 
In future the developed module will be practically tested with OAC CNC [16] and will be 
updated by providing ISO 14649 part 28 interpretation, intelligent and accurate tool path 
generations, monitoring and inspection GUI development, simulation, more processes interpretation 
and tool path generation etc. Overall main aim of this research is to develop an all-in-one platform 
for CNC machine. 
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